Conformational landscape mapping the difference between N-lobes and C-lobes of calmodulin.
Calmodulin is a calcium binding protein that consists of four EF-hand domains. The two EF-lobes of calmodulin, called the N-lobe and the C-lobe, arose from duplication and fusion of a precursor EF-hand. The amino acid sequences and the structures of the N-lobe and of the C-lobe are quite similar to each other. The N-lobe and the C-lobe, however, have subtle differences in structure and function. We analyzed the helix positions of calmodulin lobes by the alignment with the pseudo-two fold axis of the EF-lobe. We made a map of conformational landscape of helix positions. The four states of the EF-lobe appeared on two lines in the landscape; these two lines show the trajectory of opening and closing of the EF-lobe. For the N-lobe of calmodulin, the calcium bound form and the apo-forms are on the lower line. The two apo-forms of the C-lobe of calmodulin, with target and without target, are on the upper line. The calcium bound form of the C-lobe is on the lower line. The rearrangement of helix interaction between two the EF-hands is necessary for calcium binding in the C-lobe. The hydrophobic packing in the apo-form of the N-lobe is similar to the packing of the N- and C-lobes of the calcium bound form. However, the packing of C-lobe side chains in the apo-form is different from these other three structures. Our detailed analysis should serve as an example that can be applied to other proteins that undergo changes in conformation upon binding effectors.